Climate change and the continuous population growth increase the demand for water, which in arid and semiarid regions, like the Mediterranean, is considered a limited resource. Future demands will not be met by traditional water resources like surface and groundwater. In order to handle increased water demand, the treated wastewater originating from municipal wastewater treatment plants is offered to farmers for agricultural irrigation. Over pumping of fresh groundwater creates seawater intrusion that causes various problems, besides others, to the quality of recycled water used for agricultural purposes. The effects on soils irrigated with saline water are investigated. Actual investigations were carried out in land irrigated with salinity-affected wastewater and non-irrigated land nearby. Soil profile analyses are demonstrated and compared, showing very interesting results and adverse effects on soil resources. Irrigation with saline waters even at slightly above recommended values can have severe effects on soil resources. Various remediation scenarios for preventing seawater intrusion, as well for mitigation or control of soil salinity problems, are also suggested in this study. This case study was carried in the Larnaca district in Cyprus.
INTRODUCTION
Cyprus, with a total surface area of 9,250 km 2 , due to its semiarid climate, faces the problem of inadequacy of water for both its domestic and irrigation needs. In Cyprus, there are no permanent surface water streams or lakes but, until some years ago, underground water resources were adequate to meet the local water demand. However, overexploitation of the underground water has led to a gradual decrease of groundwater resources. The reuse of sewage effluent is then seriously considered as an important strategy in conserving water resources. It appears that due to the lower location of the town of Larnaca, saline water infiltrates into sewers and eventually affects the quality of treated wastewater that is supplied to farmers for agricultural irrigation. It was then necessary to make an initial small-scale evaluation of the possible effects of saline water on agricultural land. To identify the problem, the objective of this study is to evaluate the quality of the treated wastewater and examine its effects on the soil after 8 years of irrigation, with suggestions on eliminating the source of the problem, and secondly, to evaluate its effect on soil resources.
MATERIALS AND METHODS
After evaluating various factors, the village of Dromolaxia, Larnaca, was selected as the most representative for evaluating salinity intrusion in wastewater reuse projects, as treated wastewater from the Larnaca plant was regularly used there for agricultural irrigation. The focus for these investigations was a large agricultural area in Dromolaxia where industrial crops, mainly alfalfa, are grown. The land was irrigated for 8 years with trickle irrigation during the dry months of the year when irrigation was needed. Profile samples were taken from at least three locations in this area, and averaged to give an acceptable value for the parameters selected. Profile depths were selected at approximately 0-15, 15-40, 40-70 and 70-100 cm, in order to cover the plant root zone and, in fact, the effective agricultural soil. Composite samples were used for analysis. Each sample under analysis consisted of a combination of three sub-samples taken from three randomly selected locations within each study plot.
At each sub-sampling location, a ditch was dug to a depth of 1.2 m. A volume of approximately 2,000 cm 3 of soil was subsequently chipped from the lateral walls of the ditch to produce a sub-sample at each of the predefined depth layers. The sub-samples were stored in labelled plastic bags and sent to the chemical laboratory within 2 h of sampling.
Sub-samples were mixed and homogenized at the laboratory and then processed for evaluation. 
THEORY
A salinity problem exists if the salt that accumulates in the crop root zone is so concentrated that it causes a loss in yield. Generally, these salts originate from a saline, high water table or from salts in the applied water. In our case study, salts are present in the irrigation effluent due to sea intrusion and infiltration into the sewage collection sewers. Saline waters can affect plant growth in two ways.
Firstly, when sodium concentrations in the soil are high relative to calcium and magnesium, the infiltration rate is reduced affecting the water taken up by plants. When the salt concentrations in the soil are higher than inside the root cells, the soil will draw water from the root and the plant will be damaged. It is evident then that lower water uptake by a plant will reduce its growth. In some cases, mild salt effects may go entirely unnoticed because of a uniform reduction in growth across an entire field area (Ayers & Westcot ).
With leaching being necessary in many cases, waters of higher salinity require appreciable extra water for leaching, which adds greatly to a potential water table (drainage) problem and makes long-term irrigated agriculture nearly impossible to achieve without adequate drainage. If drainage is adequate, salinity control becomes simply good management to ensure that the crop is adequately supplied with water at all times and that enough leaching water is applied to control salts within the tolerance of the crop
Toxicity is the other factor that causes problems to plants and yields. The main ions in saline waters that can cause toxicity problems are sodium and chloride. The ions are absorbed by the roots of the crops and transported to the leaves where they accumulate during transpiration.
The toxic ions can also be absorbed directly from the leaves through irrigation from overhead sprinklers (Ayers & Westcot ) . Also, high values of pH caused by excess sodium can result in micronutrient deficiencies
EC is used in agriculture and water studies as an indicator of soil and water salinity by measuring the ability of an aqueous solution to carry an electric current. The sodium hazard of soil is usually expressed as the SAR.
SAR is the ratio of the sodium concentration in relation to magnesium and calcium and is calculated by the following equation:
Although SAR is only one factor in determining the suitability of water for irrigation, in general, the higher the SAR, the less suitable the water is for irrigation. Irrigation using water with a high SAR may require soil amendments to prevent long-term damage to the soil (Ayers & Westcot
All soils contain some water-soluble salts, but when these salts occur near the surface and start to impede germination or plant growth they are referred to as saline soils (US Salinity Lab Staff ). The high salt content in the soil has an adverse effect on vegetative growth for three main reasons: (1) salts can prevent soil water uptake into the plant because of the osmotic effect; (2) specific ion toxicity, which can disrupt the nutritional processes of the plant; and (3) salts can alter the soil structure and permeability (Brown et al. ) . Plants vary in their tolerance to salts. Many The most tolerant crop is barley, while tall wheatgrass is one of the most tolerant grasses.
RESULTS AND DISCUSSION

Quality of treated wastewater
Based on our treated water analyses ( Tables 1 and 2 .
As the effects of these elements are interdependent, a risk assessment analysis was also carried out based on international risk evaluation criteria resulting from a wide literature review with emphasis on the strictest ones
The risk assessment results shown in Table 3 demonstrate serious sodium risk, chloridization risk and possible alkalinization. The value of the SAR is 6.83, which, although in the acceptable range, still approaches dangerous levels.
The above certainly do not imply that this water is not suitable for irrigation, but rather that the irrigation water is potentially dangerous and needs careful management.
Quality of soils
Results are plotted in a profile fashion representing the actual layout (Figures 1 and 2 ). Figure 1 shows EC values at all profile increments for the two different cases: soil sample with no irrigation and samples irrigated with treated wastewater.
From Figure 1 , it is clear that treated wastewater applied as irrigation to soils for a number of years raises the EC to very high levels, compared to the initial soils not irrigated. In samples irrigated with treated wastewater, the EC values range from 1.86 mS/cm at the surface layer to 11.77 mS/cm at the bottom zone. In Figure 3 , we can see the increase in EC compared to the non-irrigated soils, ranging from almost 186% at the 
DISCUSSION
The first issue is that continuous over pumping has led seawater to intrude under the city, resulting in flooding problems and infiltration of saline water into the sewage collection system, which eventually alters the quality of treated sewage that is intended for agricultural irrigation. Consequently, irrigation with water of high salinity (above 3 mS/cm) water, and for an extended period of time (over 8 yr) without any precautions, creates serious problems of salinization of soil resources. The effects of the increase of salinity in the soils irrigated with treated wastewater as compared to the soils irrigated with freshwater is very clear in this investigation.
There is a great increase in salt levels, EC and SAR in all layers of these soil profiles. When irrigation water with a high SAR is applied to soil for years, the sodium in the water can displace the calcium and magnesium in the soil. This is shown in Figure 4 , where soil irrigated with this effluent exhibits high amounts of salts, with magnesium values kept at initial values but calcium obviously reduced.
This will cause an increase of soil SAR, eventually decreasing the ability of the soil to form stable aggregates with a loss of soil structure and tilt. This also leads to a decrease in infiltration and permeability of the soil profile to water, leading to problems with crop production. If it were not for the high soil calcium levels in the soils of Cyprus, SAR values could have been considerably higher. The effects of the increase of salinity in the soils irrigated with treated wastewater as compared to the soils irrigated with freshwater is very clear in this investigation. There is a great increase of salt levels, EC and SAR in all layers of these soil profiles.
Based on our results, soils irrigated with this water change from 'normal soils' to 'saline' (Brady ). Immediate corrective measures must be enacted. Salt water intrusion and soil salinization are two linked issues, but can be dealt with separately as their solutions may differ. In order to prevent seawater intrusion, as in our case, the groundwater table should not be depressed through over pumping, but be supplemented with well-treated effluent. This, however, will not solve the problem of pipes being penetrated with saline or any groundwater.
Any kind of infiltration into the pipes increases the wastewater treatment quantities, and eventually the treatment costs. A solution then is to reline this sewerage system with new technology equipment, an expensive but very effective process that will fully eliminate the problem.
If none of the above is done, then improvements to the treatment process should be considered. One is a desalinization treatment of the treated effluent, but this is considered costly and problematic as the effluent will lack mineral ions essential to agricultural crop. This process then will require re-ionization of the effluent in order to produce water suitable for agriculture.
A solution that is less expensive, set against some quality compromise, is the desalinization of some volume of the treated effluent, and remixing with the rest. This method can achieve a reduction of EC to acceptable levels. The current 3.7 mS/cm with some mixing can easily be reduced it to 2.5 mS/cm, an average acceptable value to many crops, pro- Using this technology, in combination with modelling (Suarez ), allows for site specific leaching and reclamation within a field.
Organic matter or humus in wastewater is formed by the decomposing action of soil microorganisms, which break down animal and plant matter into elements that can be used by growing plants.
Because of its low specific weight and high surface area, humus has a profound effect upon the physical properties of mineral soils with regard to improved soil structure, water intake and reservoir capacity, ability to resist erosion and the ability to hold chemical elements in a form readily accessible to plants.
Soils in Cyprus are generally of low organic content. It is evident that by using treated wastewater for irrigation, besides the great savings in hydrological resources, the organic content of soils may increase by an average value of about 21% throughout the soil profile with most of the humus gathered in the first 60 cm of the profile and consequently around the plant root zone, which is highly beneficial to plants (Kathijotes ) . Due to this increase of organic matter through irrigation with treated wastewater, soils demonstrate improvement of their fertility as well as their structural capability.
CONCLUSIONS
Our case study, in view of weather changes and seawater intrusion, reached the following conclusions:
• Extreme care should be taken in keeping the balance between seawater and groundwater. Groundwater recharge or other techniques may limit this intrusion.
• Sewerage pipes should be checked for leakages and be monitored continuously. In the case of seawater infiltration into these pipes, relining or other corrective measures should be attempted.
• Treated effluent should be continuously monitored in order to keep its quality within acceptable levels. All mentioned corrective methods should be examined.
• Proper management as stated should be exercised in applying reuse of treated effluent, which is considered as an input to water resources.
• Irrigated land must be monitored with new technologies available including GIS (geographic information system) monitoring, in the control of its salinity.
• It is also advisable that plants tolerant to water salinity characteristics be preferred or developed.
Recycling water is now an absolute necessity, as it subsidizes water deficiencies and can save large amounts of fresh water that would have been used for agricultural irrigation of crop. Extreme care should, however, be exercised in order to avoid the deleterious effects that are associated with it. It is suggested that further effort is required in order to improve the quality of treated effluent that is given to agriculture, as the environmental ability to accept low quality water seems to be reaching exhaustion.
